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an aryloxy group, an alkylamide group and an arylamide 
group, a polycycclic norbomene monomer is polymer- 
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ized to give a ring-opened norbomene polymer having 
a weight average molecular weight of 500 to 
1 ,00O,0O0as expressed in terms of polystyrene and a 
melting point of 140X or higher. This polymer Is hydro- 
genated to give a hydrogenated product having a melt- 
ing point of 140*^0 or higher. 
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Description 
Technical Field 

• 5 [0001] This invention relates to a crystalline ring-opened norborhene poiymer having improved processabillty and 
shapability ; a crystalline hydrogenation product of ring-opened norbornene polymer; and processes of the polymer and 
the hydrodrogenalion product thereof. 

Background Art 

10 

[0002] Ring-opened norbornene polymers and hydrogenation products thereof are known as non-crystalline poly- 
mers. For Example, a polymer of dicyclopentadiene, i.e., a tricyclic norbornene monomer, is reported which is made' 
by polymerization conducted by using a catalyst Mo(N-2,6-C6H3-i-Pr)-{CHC(CH3)2Ph)(OCCH3(CF3)2)2 [for example. 
J. Mol. Cat. A:Chem., 133, 67-74 (1998)]. . According to the analysis carried out by the present inventors, this polymer 

15 was proved not to possess a melting point and was a non-crystalline polymer 

[0003] This polymer exhibits good transparency, heat resistance, birefringence, and processabillty and shapability. 
Therefore, it was proposed to use this polymer as a material for optical disks and optical lenses. Further, this polymer 
exhibits reduced dielectric and enhanced chemical resistance. Therefore, it was also proposed to apply this polymer 
in fields other than optical applications. However, this polymer is often unsuitable for use in a field In which high me- 

20 chanical strength and high solvent resistance are required. 

[0004] A part of ring-opened norbornene polymers and their hydrogenation products are crystalline. For example, a 
hydrogenation prpduct of ring-opened polymer of 2-norbomene which is a dicyclic norbornene monomer was reported 
as a crystalline polymer having a melting point of lie^'C (Polymeric Materials Science and Engineering, vol. 76, p61 
(1997), American Chemical Society. The melting point of this hydrogenation product was very low and thus the heat 

25 resistance was poor. 

_ [0005] Further, It- was -reported that a polymer made by polymerizing 54nf luoromethyl-5v6r644ft ~- 

by using a catalyst Mo(N-2,6-C6H3-i-Pr)(CHC(CH3)3)(OC(CH3)3)2 was a crystalline polymer having a melting point of 
218"C (Metathesis Polymerization of Olefins and Polymerization of Alkynes, NATO ASI Series, p265-276 (1998), Klu- 
wer Academic Publishers). This crystalline polymer tends to be of poor utility for use for which high mechanical strength, 
30 good solvent resistance and high heat resistance are required. 

[0006] In Japanese Unexamined Patent Publication No. S53-17700, a dicyclopentadiene polymer which was crys- 
talline or crosslinked was referred to as an explanation of prior art. This polymer was reported in this publication as 
being carbonized and decomposed without melting upon heating to a temperature of 200**C to 400°C, and thus, as 
possessing no practical utility and being incapable of being melt-shaped by an ordinary shaping method. 

35 . 

Disclosure of the Invention 

[0007] A primary object of the present invention, there are provided a crystalline ring-opened norbornene polymer 
and a hydrogenation product thereof, which have high mechanical strength, good chemical resistance, good process- 
40 ability and shapability, and high heat resistance; and a process for producing the. norbornene polymer and hydrogen- 
ation product thereof. 

[0008] By research to solve the problems of prior art, the present inventors found that, when a polycyclic norbornene 
monomer such as dicyclopentadiene is polymerized by using a polymerization catalyst comprising as a main ingredient 
a metal complex containing a transition metal of group 6 of the periodic table and having specific substituents, a.ring- 
45 opened norbornene polymer is obtained which is a themioplastic straight-chain ring-opened polymer exhibiting high 
stereoregularity and having crystallinity and being soluble in chloroform and other solvents; that a hydrogenation prod- 
uct of the ring-opened polymer also is crystalline; and further that the ring-opened polymer and the hydrogenation 
product thereof have good processability and shapability, high mechanical strength, good heat resistance and good 
chemical resistance. 

50 [0009] Further, it was found that, when a polycyclic norbornene monomer is polymerized by using a polymerization 
catalyst comprising as a main ingredient a metal complex containing a transition metal of group 6 of the periodic table 
and having other specific substituents, a ring-opened norbornene polymer is obtained which is non-crystalline but, 
when hydrpgenated. gives a crystalline hydrogenation product. 

[001 0] Still further, it was found that, in the case where a crystalline hydrogenation product of ring-opened nortDornene 
55 polymer comprising norbornene monomer units is produced, when a polymerization catalyst comprising as a main 
ingredient a metal complex containing a transition metal of group 6 of the periodic table aind having ispecific substituents 
is used, the resulting hydrogenation product exhibits higher stereoregularity and has a melting point much higher than 
those of the known hydrogenation products of ring-opened noriDornene polymers. 
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[0011] Based on the above-mentioned findings, the present invention has been completed. 

[0012] Thus, In one aspect of the present invention, there is provided a ring-opened norbornene polymer comprising 
at least 10% by mol of repeating units derived from a polycyclic norbornene monomer having at least three rings, in 
the repeating units of the polymer, said polymer having a weight average molecular weight in the range of 500 to 
5 1 ,000,000 as measured by gel permeation chromatography and expressed In temns of polystyrene, and having a melting 
point. 

[0013] In another aspect of the present invention, there is provided a hydrogenation product of a ring-opened nor- 
bornene polymer obtained by hydrogenaiting a ring-opened norbornene polymer comprising repeating units derived 
from a polycyclic norbornene monomer, said hydrogenation product having a weight average molecular weight in the 
10 range of 500 to 1,000,000 as measured by gel permeation chromatography and expressed In terms of polystyrene, 
and having a melting point of 140**C or higher. 

[0014] In still another aspect of the present invention, there is provided a hydrogenation product of a ring-opened 
norbornene polymer obtained by hydrogenating a ring-opened norbomene polymer comprising at least 1 0% by moi of 
repeating units derived from a polycyclic norbomene monomer having at least three rings , in the repeating units of 

15 the polymer; said hydrogenation product having a weight average molecular weight in the range of 500 to 1 ,000,000 
as measured by gel permeation chromatography and expressed In terms of polystyrene, and having a melting point. 
[0015] In a further aspect of the present invention, there is provided a hydrogenation product of a ring-opened nor- 
bornene polymer obtained by hydrogenating a ring-opened norbomene polymer comprising repeating units derived 
from a polycyclic norbornene monomer having two rings in the repeating units of the polymer; said hydrogenation 

20 product having a weight average molecular weight in the range of 500 to 1 ,000,000 as measured by gel pemieation 
chromatography and expressed in terms of polystyrene, and having a melting point of 1 40*^0 or higher. 
[001 6] In further aspects of present invention, there are provided processes for producing the above-mentioned ring- 
opened norbornene polymer and hydrogenation products thereof, which comprise a step of polymerization carried out 
by using a polymerization catalyst comprising as a main ingredient a metal compound containing a transition metal of 

25 group 6 of the periodic table and having at least one imide group and at least one substituent (A) selected from the 
group consisting of an alkoxy group, an aryloxy group, an alkylamlde group and an arylamide group. 

Brief Explanation of the Drawing 

30 [001 7] Figure 1 is a DSC chart drawn by measurement of melting point of a hydrogenation product of polymer, made 
in Example 2. 

. Best Mode for Carrying Out the Invention 

35 [001 8] Preferred embodiments of the present invention will be described in order. 

[001 9] The ring-opened norbomene polymer of the present Invention comprises repeating units derived from a poly- 
cyclic norbomejie monomer in the repeating units of polymer. 

[0020] The repeating units derived from a polycyclic norbomene monomer include those of a monomer having at 
least three rings and those of a monomer having two rings. 
40 [0021] The ring-opened norbomene polymer of the present invention compr^ises at least 10% by mol of repeating 
units derived from a polycyclic norbomene monomer having at least three rings, in the repeating units of the polymer, 
and has a weight average molecular weight in the range of 500 to 1 ,000,000 as measured by gel permeation chroma- 
tography and expressed in terms of polystyrene, and has a melting point. 

[0022] The polycyclic noriDomene monomer having at least three rings is a norbomene monomer having at least one 
45 ring In addition to the two rings constituting the nori^ornene ring. Usually, the polycyclic norbornene monomer has a 
fused ring structure such that at least two carbon atoms on the noriaomene ring have substituents which are bonded 
to each other to form a ring. The repeating units of polycyclic norbomene monomer having at leastthree rings preferably 
include those which are represented by the following fomnula {1 ) or (2): 

so . 



55 



3 

BNSDOCID: <EP 123S996A1 J_> 



EP 1 238 996 A1 



5 



10 




wherein Rl through independently represent a hydrogen atonn or a hydrocarbon group having 1 to 20 carbon atoms, 
which hydrocarbon group may have a substituent containing a halogen atom, a silicon atom, an oxygen atom or a 
nitrogen atom, or R"* through R"^ are a substituent containing a halogen atom, a silicon atom, an oxygen atom or a 
15 nitrogen atom. Preferably, R** through R"* independently represent a hydrogen atom or an unsubstituted hydrocarbon 
group having 1 to. 20 carbon atoms. R^ and R3 are bonded together to foniri a ring, and R2 and R'^ may be bonded 
together to form a ring. 




(2) 



35 wherein R^ through RQ independently represent a hydrogen atom or a hydrocarbon group having 1 to 20 carbon atoms, 
which hydrocarbon group may have a substituent containing a halogen atom, a silicon atom, an oxygen atom or a 
nitrogen atom, or-R"* through R^ are a substituent containing a halogen atom, a silicon atom, an oxygen atom or a 
nitrogen atom. Preferably, R^ through R^ independently represent a hydrogen atom or an unsubstituted hydrocarbon 
group having 1 to 20 carbon atoms. R^ and R^ rriay be bonded together to form a ring, m is an integer of 1 or 2. 

40 [0023] Among the units derived from a polycyclic nortaomene monomer having at leaist three rings used In the present 
invention, units derived from a polycyclic norbornene monomer having three rings are preferable. Units derived from 
dicyclopentadiene is especially preferable. 

[0024] The content of repeating units derived from a pdlycyclic norbornene monomer having at least three rings, 
based on the repeating units of ring-opened polymer, is at least 10% by mol. preferably at least 20% by mol and more 
45 preferably at least 50% by mol. When the content of polycyclic noriDornene monomer units is large, the ring-opened 
polymer exhibits high crystallinity. 

[0025] The polycyclic norbornene monomer having two rings is a norbornene monomer having two rings constituting 
the nort?omerle ring. The repeating units of polycyclic noriaomene monomer having two rings include, for example, 
those which are represented by the following fonnula (3): 

50 
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wherein R'' through independently represent a hydrogen atom or a hydrocarbon group having 1 to 20 carbon atoms, 
which hydrocarbon group may have a substituent containing a halogen atom, a silicon atom; an oxygen atom or a 
nitrogen atom, or R^ through R"^ are a substituent containing a halogen atom, a silicon atom, an oxygen atom or a 
nitrogen atom. Preferably, R*" through R^ independently represent a hydrogen atom or an unsubstituted hydrocarbon 
15 group having 1 to 20 carbon atoms, and R"" through R^ are not bonded together to form a ring. 

[0026] The ring-opened polymer of the present invention is preferably a straight-chain ring-opened polymer, i.e., 
thermoplastic ring-opened polymer. 

[0027] The ring-opened polymer of the present invention has a weight average molecular weight in the range of 500 
to 1,000.000. preferably 1 ,000 to 600,000 and more preferably 5,000 to 400,000, as measured by gel permeation 
20 chromatography (GPC) and expressed in tenns of polystyrene. When Mw is too low, the mechanical strength is reduced. 
In contrast, when Mw is too high, the processability and shapabllity are reduced. 

[0028] The ring-opened polymer of the present invention has a melting point. By the term "melting point" we mean 
a temperature at which the crystal melts. The melting point can be measured by examining the heat-absorption peak 
occurring due to melting of the crystalline ingredient of polymer, by using a differential scanning calorimeter. The ring- 
25 opened polymer of the present invention usually has a melting point of at least 1 40°C; preferably 1 40**C to 400''C and 
more preferably 1 50**C to 300**C. As the polymer is molten when heated to a temperature higher than the melting point, 
the polymer can be easily shaped by an ordinary heat-melt shaping procedure. 

[0029] The ring-opened polymer of the present invention exhibits good resistance to chemicals. For example, the 
polymer is insoluble or only slightly soluble in organic solvents at room temperature, which include aliphatic hydrocar- 
30 bons such as pentane, hexane and heptane; alicyclic hydrocarbons such as cyclopentane, cyclohexane, methylcy- 
clohexane, dimethylcyclohexane, trimethylcyclohexane, ethylcyclohexane, d I ethylcycio hexane, decahydronaphtha- 
iene. bicycloheptane, tricyclodecane. hexahydroindene and cyclooctane; aromatic hydrocarbons such ais benzene, 
toluene and xylene; and ethers such as diethyl ether and tetrahydrofuran. 

[0030] The hydrogenation product of a ring-opened norbornene polymer of the present invention is a hydrogenation 
35 product made by hydrogenating a ring-opened polymer comprising repeating units of a polycyclic norbornene monomer, 
and the hydrogenation product has a melting point. The ring-opened polymer comprising repeating units of a polycyclic 
norbornene monomer before hydrogenation may or may not have a melting point, provided that the hydrogenation 
product has a melting point. Hydrogenation percentage is preferably at least 70%, more preferably at least 80% and 
especially preferably at least 90% in view of enhanced heat resistance. The hydrogenation product of ring-opened 
40 norbornene polymer of the present invention comprises repeating units of a polycyclic norbornene monomer having 
at least three rings and/or a polycyclic norbornene monomer having two rings . 

[0031] The hydrogenation product of a ring-opened norbomene polymer of the present Invention usually has a melting 
point of at least 140**C, preferably 140®C to 400®C and more preferably 150**C to 300*'C. The hydrogenation product 
has good melt-shapability and good chemical resistance, which are similar to those of the non-hydrogenated ring- 
45 opened norbornene polymer. 

[0032] The hydrogenation product of a ring-opened norbomene polymer has a weight average molecular weight In 
the range of 500 to 1 ,000,000, preferably 1 ,000 to 600,000 and more preferably 5,000 to 400,000, as measured by 
GPC and expressred In terms of polystyrene. 

[0033] In the process for producing a ring-opened norbomrnene polymer according to the present invention, polym- 
50 erization is carried out by using a specific polymerization catalyst. The polymerization catalyst comprises as a main 
Ingredient a metal compound containing a transition metal of group 6 of the periodic table and having at least one imide 
group and at least one substituent (A) selected from the group consisting of an alkoxy group, an aryloxy group, an 
alkylamide group and an arylamide group. 

[0034] More specifically, the polymerization catalyst includes, for example, metal compounds represented by the 
55 following formulae (4) and (5). 
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wherein is an alkyi group or an aryl group, and R^o and R"*"* independently represent an alkoxy group, an aryloxy 
group, an alkylamide group or an arylamide group, and R^o and R^^ nnay be bonded to each other, R^^ and Rl3 inde- 
pendently represent a hydrogen atdm, an alkyI group or an aryl group. Y is an electron-donating neutral ligand. n Is 
an integer of 0 to 2, N denotes a nitrogen atom, and M denotes a transition metal selected from group 6 metals of the 
15 periodic table. 



20 




(5) 



25 • . - ■ . 

— iA/hereiTi-fR'*^Hs-an-^k^^ 

• group, an alkylamide group or an arylamide group, and R^s and Rl^ may be bonded to each other X"" and inde- 
pendently represent a hydrogen atom, an alkyI group, an aryl group or an alkylsilyl group. Y is an electron-donating 
neutral ligand. n is an Integer of 0 to 2. N denotes a nitrogen atom, and M denotes a transition metal selected from 
30 group 6 metals of the periodic table. 

[0035] A polymerization catalyst comprising a compound represented by formula (4) is preferable for producing a 
ring-opened norbornene polymer and a hydrogenation product thereof, which have a high melting point of at least 
140"C. 

[0036] In formulae (4) and (5), the alkyl group is preferably a straight chain or branched chain alky! group having 1 
35 to 20 carbon atoms or a cycloalkyi group having 3 to 20 carbon atoms, and, as specific examples thereof, there can 
be mentioned methyl, ethyl, propyl, isopropyl, butyl, tert.-butyl and cyclohexyl groups. 

[0037] The acyl group preferably has 6 to 20 carbon atoms, and, as specific examples thereof, there can be mentioned 
a phenyl group and a phenyl group having 1 to 5 substituents at any of 2, 3, 4, 5 and 6 positions. 
[0038] The alkoxy group preferably has 1 to 20 carbon atoms, and. as specific examples thereof, there can be men- 
40 tioned methoxy, ethoxy, propoxy, isopropoxy, butoxy and tert.-but6xy groups. 

[0039] The aryloxy group preferably Includes a phenbxy group and a phenoxy group having 1 to 5 substituents at 
any of 2, 3, 4, 5 and 6 positions. 

[0040] As specific examples of the substituents possessed by the above-mentioned phenyl group and phenoxy group, 
there can be mentioned alkyl groups and cycloalkyi groups such as methyl, ethyl, propyl, isopropyl, butyl, tert.-butyl 
45 and cyclohexyl groups; aryl groups such as phenyl and naphthyl groups; alkylsilyl groups and alkylarylsilyl groups such . 
as trimethylsilyl group and dimethylphenylsllyl group; halogene such as fluorine, chlorine, bromine and iodine; alkoxy 
groups such as methoxy. ethoxy and propoxy groups; cyano group; and naphthyl group and a naphthyl group having 
1 to 8 substituents (which include those recited above) at any of 2 to 8 positions. 

[0041] The alkylamide group is preferably an alkylamide group having an alkyl group with 1 to 20 carbon atoms, and 
50 the arylamide group is preferably an arylamide. group having an aryl group with 6 to 20 carbon atoms. As specific 
examples of the allcylamide group and the arylamide group, there can be mentioned an N.N-dimethylamide group, an 
N-methyl(N-tert. -butyl) amide group, an N-methyl(N-trimethylsilyl)amide group, an N-phenyl-N-methylamide group, 
an N-phenyl(N-trimethylsilyl)amide group, an. N-(2,6-dimethylphenyl)-N-methylamide group, an N-(2.6-diisopropylphe- 
nyl)-N-methylamlde group, an N-(2,6-dimethylphenyl)-N-(trimethylsilyl)amide group and an N-(2.6-diisopropylphenyl) 
55 -N-(trirnethylsilyl)amide group. 

[0042] To obtain a hydrogenation product of ring-opened norbomiane polymer having a nielting point, substituents 
(A), more specifically, and R''^ or R15 and R^® may or may not be bonded to each other. However, to obtain a 
hydrogenation product of ring-opened norbornene polymer having high crystallinity and a melting point of at least 
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140**C, R'lo and R""^ , or fO^ and R"*® are preferably bonded to each other. 

[0043] In order to obtain a ring-opened norbomene polymer having a melting point of at leasti40°C, a polymerization 
catalyst having substituents (A) bonded to each other must be used. Specific examples of the polymerization catalyst 
are those which are represented by formula (3) wherein R'*^ and R'*^ are bonded together, and represented by formula 

5 (4) wherein R^s and R^® are bonded together. 

[0044] As specific examples of the substituents (A) bonded together wherein each substituent (A) is an alkoxy group 
or an aryloxy group, there can be mentioned a propyl-1 ,3-dioxy group, a butyl-1 ,4-dioxy group, a cyclohexyl-1 ,2-dimeth- 
oxy group, a 2,2'-biphenoxy group, 1 ,1'-bi-2-naphthoxy group, and dioxy groups corresponding to these dioxy groups 
and having a substituent as recited above as substituents for the phenyl group and the phenoxy group. As specific 

id examples of the substituents (A) bonded together wherein each substituent (A) is an alkylamide group or an arylamide 
group, there can be mentioned a 1 ,3-propyl-N,IM'-dimethyldiamide group, a 1 ,3-propyl-N,N'-di(trimethylsilyl)diamide 
group, a 1 ,3-propyl-bis(phenylamide) group, an N.N'-bis(trimethylsilyl)-2,2'-biphenyldiamide group, and diamide 
groups corresponding to these diamide groups and having a substituent as revited above as a substituent for the phenyl 
group and the phenoxy group. Of these, those in which each substituent (A) is an aryloxy group are preferable because 

IS the resulting ring-opened noriaornene polymer and hydrogenation product thereof exhibit especially high cry stall in ity. 
[0045] As specific examples of halogen in X of formula (4), there can be mentioned fluorine, chlorine, bromine and 
iodine. As specific examples of the alkylsilyl group, there can be mentioned alkylsilyl groups having an alkyi group with 
1 to 20 carbon atoms, and alkylsilyl groups having both an alkyI group with 1 to 20 carbon atorns and an aryl group 
having 6 to. 20 carbon atoms, such as a trimethylsilyl group and a dimethylphenylsilyl group. 

20 [0046] Y in formulae (4) and (5) is an electron-donating neutral ligand which usually has a hetero atom. Y includes, 
for example, phospnines, ethers and amines. The phosphines include, for example, trial kylphosphines in which each 
alkyI group has 1 to 20 carbon atoms (a part of the three alky! groups may be substituted by an aryl group having 6 to 
20 carbon atoms), and triarylphosphines in which each aryl group has 6 to 20 carbon atoms. As specific examples of 
the phosphines, there can be mentioned trimethylphosphine, triisopropylphosphine, tricyclohexylphosphine and triphe- 

•25 nylphosphlne. As specific examples of the ethers, there can be mentioned diethyl ether, tetrahydrofuran and 1 ,2-dimeth- 
oxyethane. As specific examples of the amines, there can be mentioned trialkylamines such as trimethylamine and 
triethylamine. pyridine and lutidine. 

[0047] In the process for producing a ring-opened polymer according to the present invention, an organometal re- 
ducing agent may be used in combination with the above-mentioned polymerization catalyst to enhance the polymer- 
ic ization activity. The organometal reducing agent includes organometal compounds- containing a metal of group 1 , 2, 
12, 13 or 14 of the periodic table and having a hydrocarbon group with 1 to 20 carbon atoms. Preferable examples of 
the organometal compound are an organolithium, an organomagnesium, an organozinc, an orgahoaluminum and an 
organotin. An organoalumnum and an organotin are especially preferable. As specific examples of the organometal 
compound, there can be mentioned oraganolithiums such as n -butyl lithium, methyllithium and phenylllthium; orga- 
ns nomagneslums such as butylelhylmagnesium, butyloctylmagnesium, dihexylmagnesium, ethylmagnesium chloride, n- 
butylmagnesium chloride and allylmagnesium bromide; organozincs such as dimethyizinc, diethylzinc and diphenylz- 
inc; organoaluminums such as trimethylaluminum, triethylaluminum, triisobutylaluminum, diethylaiuminum chloride, 
ethylalumingm sesquichloride and ethytalumlnum dlchloride; and organotins such as tetramethyltin, tetna(n-butyl)ttn 
and tetraphenyltin. The amount of organometal reducing agent is preferably in the range of 0.1 to 100 times, more 
^ preferably 0.2 to 50 times and especially preferably 0.5 to 20 times by weight of the central atom of the polymerization 
catalyst. When the amount of organometal reducing agent is smaller than 0.1 time by weight, the polymerization activity 
is not enhanced. In contrast, when the amount of organometal reducing agent is larger than 100 time by weight, side- 
reactions tend to occur. 

[0048] The monomer used in the present Invention is a polycydlc norbomene monomer having at least three rings 
45 or a polycyclic norbprnene monomer having two rings. 

[0049] The polycyclic norbomene monomer having at least three rings includes, for example, polycyclic monomers 
represented by the following formulae (6) and (7). 
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wherein R^ through R® and m are the same as defined with reg&rd to formula (2).. 

20 [0050] As specific examples of the monomers of fomnula (6), there can be mentioned dicyclopentadiene, tricycio 
[4 3 12.5 o].deca-3-ene (i.e., dicyclopentadiene derivative having a structure such that the double bond in the five- 
membered ring of dicyclopentadiene has been saturated), and tricyclo-[4.4.l2.5.o]undeca-3-ene; and norbomene de- 
rivatives having an aromatic ring, such as tetracyclo[6.5.l2.5.oi.6 o8,i3]trldeca-3,8,10,12-tetraene (which is referred to 
as "1 ,4-methano-1 ,4,4a.9a-tetrahydrof luorene") and tetracyclo-[6.6.1 2.5.01 .6.08.1 3]tetradeca-3,8, 1 0, 1 2-tetraene (which 

25 Is referred to as "1 ,4-methaho-1 ,4,4a,5,1 0, 1 0a-hexahydro-anthracene"). 

[QOSij— ^T4ie-fiionomer^-of-ferm 

and hexacycloheptadecenes (I.e., monomers of formula (7) wherein m is 2). 

[0052] As specific examples of the tetracyclododecenes, there can be mentioned unsubstituted tetracyclododecene 
and substituted tetracyclododecenes having an alky! group, such as tetracyclododecene, 8-methyltetracyclododecene, 

30 8-ethyltetracyclododecene, B-cyclohexyltetracyclododecene and 8-cyclopentyltetracyclododecene; tetracyclodo- 
decenes having a double bond outside the ring, such as 8-methylidenetetracyclododecene, 8-ethylidenetetracyclodo- 
decene, 8-vinyltetracyclododecene, 8-propenyltetracyclododecene, 8-cyclohexenyltetracyclododecene and 8-cy- 
cloperitenyltetracyclododecene; tetracyclododecenes having an aromatic ring such as 8-phenyltetracyclododecene; 
tetracyclododecenes having a substltuent containing an oxygen atom, such as 8-methoxycarbonyltetracyclod6decene, 

35 8-methyI.-8-methoxycart)onyltetracyclodpdecene, 8-hydroxymethyltetracyclododecene, 8-carboxytetracyclodo- 
decene, tetracyclododecene-8,9-dicarboxylic acid and tetracyclododecene-8,9-dicarboxylic anhydride; tetracyclodo- 
decenes having a substltuent containing a nitrogen atom, such as 8-cyanotetracyclododecene and tetracyclododecene- 
8,9-dicarboxylic acid Imide; tetracyclododecenes having a substltuent containing a halogen atom, such as 8-chlorotet- 
racyclododecene; and tetracyclododecenes having a substltuent containing a silicon atom, such as 8-trimethoxysi- 

40 lyltetracyclododecene. 

[0053] As specific examples of the hexacycloheptadecenes, there can be mentioned unsubstituted hexacyclohep- 
tadecene and hexacycloheptadecenes having an alkyi group, such as hexacycloheptadecene, 12-hnethylhexacy- 
clpheptadecene, 12-ethylhexacyclohiBptadecene, 12-cyclohexylhexacycloheptadecene and 12-cyclopentylhexacy- 
cloheptadecene; hexacycloheptadecenes having a double bond outside the ring, such as 1 2-methylidenehexacy- 

45 cloheptadecene, 12-ethylidenehexacycloheptadecene, 12-vinyl hexacycloheptadecene. 12-propenylhexacyclohepta- 
decene, 1 2-cyclohexenylhexacycloheptadecene and 1 2-cyclopentenylhexacycloheptadecene; hexacyclohepta- 
decenes having an aromatic ring such as 12-phenylhexacycloheptadecene; hexacycloheptadecenes having a substlt- 
uent containing an oxygen atom. such, as 12-methoxycarbonylhexacycloheptadecene. 12-methyl-12-nniethoxycarbo- 
nylhexacycloheptadecene, 1 2-hydroxymethylhexacycloheptadecene, 1 2-carboxyhexacycloheptadecene, hexacy- 

50 cloheptadecene-12,13-dicarboxylic acid and hexacycloheptadecene-12,13-dicarboxylic anhydride; 
hexacycloheptadecenes having a substltuent containing a nitrogen atom, such as 1 2-cyanohexacycloheptadecene 
and hexacycloheptadecene-1 2,1 3-dicarboxylic acid imide; hexacycloheptadecenes having a substltuent containing a 
halogen atom, such as 12-chlorohexacycloheptadecene; and hexacycloheptadecenes having a substltuent containing 
a silicon atom, such as 12-trimethoxysilylhexacycloheptadecene. 

55 [0054] Among the above-recited monomers, monomers of formula (6) and monomers of formula (7) wherein m is 1 
are preferable in view of high crystallinlty of the resulting polymer. Of these, monomers having no straight chain or 
branched chain substltuent are more preferable. As specific examples of such preferable monorners, there can be 
mentioned cyclopentadiene, tricyclo[4.3.l2.5.o]deca-3-ene. tetracyclo[6.5,l2.5.bi.6.08.i3]trideca-3,8,10,12-tetraene. 
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tetracyclo[6.6.l2.5,o'".6.os-^^]tetradeca-3.8,10.12-tetraene, tetracyclododecene and 8-methyltetracyclododecene. Di- 
cyclopentadiene is most preferable. 

[0055] The above monomers include an endo isomer and an exo isomer. The monomers used in the present invention 
may be a mixture of these isomers. To obtain a polymer having a high crystallinity, it is preferable to use an isomer 
5 mixture comprising a predominant amount of one of the two isomers and a minor amount of the other isonier, namely, 
an endo isomer-rich mixture or an exo Isomer-rich mixture. More specifically, the isomer mixture comprises preferably 
at least 70% by mole, more preferably at least 80% by mole, of one of the two isomers. 

[0056] The polycyclic norbomene monomer having two rings includes, for example, polycyclic monomers represent- 
ed by the following formula (8). 

10 



15 



20 

wherein through are the same as defined with regard to fonnula (3). 

[0057] As specific examples of the monomers of formula (8), there can be mentioned unsiibstituted noriDornene and 
norbornenes having an alkyi group, such as norbomene, 5-methylhorbornene, 5-ethylnorbornene, 5-butylnorbornene, 

25 5-hexylnorbornene, 5-decylnorbornene. 5-cyclohexylnorbornene and 5-cyclopentylnorbornene; nori^ornenes having 
an alkenyl group, such as 5-ethylidenenorbornene, 5-vinyInorbomene, 5-propenylnorbornene, 5-cyclohexenyl nor- 
bomene 3nd 5-cyc(opentenylnorbornene; norbornenes having an aromatic ring, such as. 5-phenyInorbornene; nor- 
bornenes having a polar group containing an oxygen atom, such as 5-methoxycarbonylnorbornene, 5-ethoxycarbo- 
nylnorbomene, 5-niethyl-5-methoxycarbonylnorbornene, 5-methyl-5-ethoxycarbonylnorbornene, norbomenyl-2-me- 

30 thy! propionate, norbornenyl-2-methyl octanate, norbornene-5,6-dicarboxylic anhydride, 5-hydroxymethylnoriDornene, 
5,6-di(hydroxymethyl)norborhene, 5,5-di(hydroxymethyl)nort3omene, 5-hydroxyisopropylnori3omene, 5,6-dicarbox- 
ynorbornene and 5-methoxycarbonyl-6-cart)Oxynorbornene; and norbornenes having a pojar group containing a nitro- 
gen atom, such as 5-cyanonorbornene and norborhene-5,6-dicarboxylic acid imide. 

[0058] In the present invention, a polycyclic nortDomene monomer having at least three rings and/or a norbomene 
35 monomer having two rings may be copolymerized with at least one cycloolefin monomer copolymerizable therewith. 
The copolymerizable cycloolefin monomer includes a monocyclic olefin monomer. 

[0059] As specific examples of the monocyclic olefin monomer, there can be mentioned monocyclic cycloolefin mon- 
orners as described in, for example, Japanese Unexamined Patent Publication No. S64-6B216, such as cyclobutene, 
cyclopentene, methylcyclopentene, cyclohexene, methylcyclohexene, cycloheptene and cyclooctene; and cyclo-diole- 
40 fin monomers as described in, for example, Japanese Unexamined Patent Publication No. H7-268318, isuch as cy- 
clohexadiene, methylcyclohexadtene, cyclooctadiene, methylcyclooctadlene and phenylcyclooctadiene. 
[0060] In the present invention, the polymerization can be carried out without liquid medium. However, in the case 
where the polymerization is followed by hydroge nation of polymer, the polymerization Is preferably carried out in an 
organic solvent. 

45 [0061 ] The organic solvent is not particulariy limited provided that a ring-opened polymer and a hydrogenation product 
thereof are soluble or disperstble therein under certain conditions, and the organic solvent does not adversely affect 
the polymerization and hydrogenation. Organic solvents industrially widely used are preferable. 
[0062] As specific examples of the organic solvent, there can be mentioned aliphatic hydrocarbons such as pentane, 
hexane and heptane; altcyclic hydrocartDons such as cyclopentane, cyclohexane, methylcyclohexane, dimethylcy- 

50 clohexane, trimethylcyclohexane, ethylcyclohexane, diethylcyclohexane, decahydronaphthalene, bicycloheptane, tri- . 
cyclodecane. hexahydroindene and cyclooctane; aromatic hydrocarbons such as benzene, toluene and xylene; halo- 
gen-containing aliphatic hydrocarbons such as d Ich I orom ethane, chloroform and 1 ,2-dichIoroethane; halogen-contain- 
ing aromatic hydrocarbons such as chlorobenzene and dichlorobenzene; nitrogen-containing hydrocartDons such as 
nitromethane, nitrobenzene and acetonitrile; and ethers such as diethyl ether and tetrahydrofuran. Of these, industrially 

55 widely used aromatic hydrocarbons, aliphatic hydrocarbons, allcyclic hydrocarbons and ethers are preferably used. 
[0063] The ring-opened norbomene polymer of the present invention and its hydrogenation product have good re- 
sistance to chemicals, and thus, are insoluble or slightly soluble in some of the above-recited organic solvents. In the 
case where such solvents are used, the polymerization and hydrogenation are carried out in a state such that a polymer 
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is dispersed or partialiy dissolved in the reaction system. However, for the production of a polymer vyhich has no melting 
point, and a hydrogenation product thereof which has a melting point, the polymerization and hydrogenation can also 
be carried out in a state such that a polymer is completely dissolved in the reaction system. 

[0064] The amount of polymerization catalyst used is usually in the range of 1/1 00 to 1^,000,000, preferably 1/500 
5 to 1 ,000,000 and more preferably 1/1 ,000 to 1/500,000. as the ratio by mol of the transition metal in polymerization 
catalyst to the monohier. When the amount of catalyst is too large, the removal of catalyst after polymerization becomes 
difficult. In contrast, with a too small amount of catalyst, the polymerization activity is poor. 

[0065] Where the polymerization is carried out in a solvent, the concentration of monomer is preferably in the range 
of 1 to 60% by weight, more preferably 2 to 45% by weight and especially preferably 3 to 40% by weight. When the 
10 monomer concentration is too low, the productivity is reduced. In contrast, when the monomer concentration is too 
high, the as-polymerized reaction mixture exhibits a too high viscosity and becomes difficult to hydrogenate in the 
succeeding hydrogenation step. 

[0066] The polymerization reaction is initiated by mixing of a monomer with a polymerization catalyst. The polymer- 
ization temperature is not particulariy limited, but is usually in the range of -30^C to 200°C and preferably 0°C to 180°C. 

15. The polymerization time also is not particularly limited, and can be chosen in the range of 1 minute to 100 hours. 

[0067] To control the molecular weight of polymer, an appropriate amount of a vinyl compound or a diene compound 
can be added. As specific examples of the vinyl compound used as molecular weight modifier, there can be mentioned 
a-olefins.such as 1-butene, 1-pentene, 1-hexene and 1-octene; styrene and its analogues such asstyrene and vinyl- 
toluene; ethers such as ethyl vinyl ether, isobutyl vinyl ether and allyl glycidyl ether; halogen-containing vinyl compounds 

20 such as allyl chloride: oxygen-containing vinyl compounds such as allyl acetate, allyl alcohol and glycidyl methacrylate; 
and nitrogen-containing vinyl compounds such as acrylamide. As specific examples of the diene compound, there can 
be mentioned non-conjugated dienes such as 1 ,4-pentadiene. 1 ,4-hexadiene, 1 ,5-hexadiene, 1 ,6-heptadlene, 2-me- 
thyl-1 ,4-pentadiene and 2,5-dimethyl-1 ,5-hexadiene; and conjugated dienes such as 1 ,3-butadiene, 2-methyl-1 ,3-buta- 
diene, 2,3-dimethyl-1 ,3-butadiene, 1 ,3-pentadiene and 1 ,3-hexadiene. The amount of the vinyl compound or the diene 

25 compound can be appropriately chosen depending upon the particular molecular weight of polymer, and is usually in 

the-raTige-of-67l^Aio-1-0%rby^o1: — — '■ 

[0068] The hydrogenation of a ring-opened norbornene polymer is carried out in the presence of a hydrogenation 
catalyst while hydrogen is fed into the reaction mixture. The hydrogenation catalyst is not particulariy limited provided 
that it Is widely used for hydrogenation of olefin compounds. The hydrogenation catalyst includes a homogeneous 

30 catalyst and a heterogeneous catalyst. 

[0069] The homogeneous catalyst includes a catalyst comprising a combination of a transition metal compound with 
an alkali metal compound, and, as specific examples of the combination, there can be mentioned cobalt acetate/ 
triethylaluminum, nickel acetyiacetonatoArilsobutylaluminum. titanocene dichlorlde/n-butyllithium, zirconocene dichlo- 
ride/sec-butyllitium and tetrabutox/ titahate/dlmethylmagnesium. The homogeneous catalyst further Includes noble 

35 metal complex catalysts such as dichlorobls(triphenylphosphine)palladium, chlorohydridecarbonyltris(triphenylphos- 
phine)nJthenium and chlorotris(triphenylphosphine)rhodium. 

[0070] The heterogeneous catalyst includes solid catalysts comprised of a metal such as nickel, palladium, platinum, 
. rhodium or ruthenium, or a metal selected from these rnetals, which is supported on a carrier such as carbon, silica, 
diatomaceous earth, aluminum or titanium oxide. As specific examples of the supported metal catalyst, there can be 
40 mentioned nickel/silica, nickel/diatdmaceous earth, nickel/alumina, palladium/cartDon, palladium/silica, palladium/dla- 
tomaceous earth and palladium/alumna. 

[0071] The hydrogenation reaction ts usually carried out in an inert organic solvent. As specific examples of the inert 
organic solvent, there can be mentioned aromatic hydrocarbons such as benzene and toluene; aliphatic hydrocarbons 
such as n-pentane and n-hexane; alicyclic hydrocarbons such as cyclohexane and decalin; and ethers such as tet- 

45 rahydrdfuran and ethylene glycol dimethyl ether. When the inert organic solvent is the same as the liquid medium used 
for polymerization, the hydrogenation reaction can be carried out by adding the hydrogenation catalyst to an as-po- 
lymerized polymerization mixture. • • ' 
[0072] The hydrogenation conditions vary depending upon the particular hydrogenation catalyst used, but. the hy- 
drogenation temperature is usually in the range of ^20*^0 to 250**C, preferably -lO^C to 220° C and more preferably 

50 O'^C to aOO'^C, and the hydrogen pressure is usually in the range of 0.1 to 50 kg/cm^, preferably 0.5 to 40 kg/cm^ and 
more preferably 1 .0 to 30 kg/cm^. When the hydrogenation temperature is too low, the rate of reaction Is reduced. In 
contrast, when the hydrogenation temperature is too high, side reactions occur. When the hydrogen pressure is too 
low, the rate of hydrogenation is reduced. In contrast, when the hydrogen pressure Is too high, a high-pressure-resistant 
reactor must be used. 

55 [0073] The hydrogenation percentage is usually at least 50%, preferably at least 70%, more preferably at least 80% 
and especially preferably at leiast 90%. The desired hydrogenation percentage can be obtained in a hydrogenation 
timeof 0.1 to lOhours. 

[0074] After completion of the ring-opening polymerization or the hydrogenation of polymer, a solvent which Is poor 
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solvent for the polymer is incorporated into a reaction liquid for recovery whereby the polymer is coagulated to obtain 
a ring-opened norbornene polymer or a hydrogenation product thereof, which has a high melting point. The coagulated 
polymer Is easily separated by filtration from the reaction medium. 

[0075] According to the need, various ingredients are incorporated in the ring-opened norbornene polymer or hydro- 
5 genation product thereof for use as a material for shaping. 

[0076] As the ingredients, those which are generally used for plastic materials can be used. The ingredients include, 
for example, stabilizers such as an antioxidant, a heat stabilizer and a light stabilizer; an ultraviolet absorber, inorganic 
and organic fillers; a lubricant; a plasticizer; an antistatic agent; and a rubbery polymer. 

[0077] The material for shaping can be prepared by kneading together the ring-opened polymer or hydrogenation 
10 product thereof and the above-recited ingredients usually at a temperature of 140'C to 400*^0 by using, for example, 
a twin-screw kneader, and then pelletizing the kneaded mixture by a pelletizer 

[0078] The shaping material is melt-shaped at a temperature of 140°C to 400**C by, for example, injection molding, 
extrusion shaping, blow-forming, injection blow-forming and press-shaping. 

[0079] A curing agent, a curing accelerator and a curing auxiliary can b© added to the ring-opened polymer or hy- 

15 drogenation product thereof to render it into a thermosetting resin. 

[0080] The shaping material can be shaped into an article of any desired form such as a spherical, rod-like, columnar, 
cylindrical, filmy or sheet-like, or fibrous form, and can be used in various fields In which general industrial plastics are 
used, such as material for parts of vehicles and marine structures; material for parts of aircrafts and aerospace instru- 
ments; material for electrical and electronic parts, such as insulation material for printed circuit boards, electronic part- 

20 encapsulating material, capacitor film, and connector; material for parts of industrial hardware and instruments including 
machine tools and medical instruments; packaging material for medical preparation or food; vessels such as a bottle 
and a vial; material for clothes, sports and leasure goods; piping material such as pipe, tube and joint; and material for 
precision parts such as coil-bobbin and gear. 

[0081] Further, the ring-opened polymer or hydrogenation product thereof can giso be used as reinforcer, modifier 
25 or other additives to be added in other materials. 

[0082] The invention will now be more specifically described by the following examples and comparative examples. 
Parts and % in the examples and comparative examples are by weight unless otherwise specified. 

(1) Molecular weight of a ring-opened polymer was measured by gel pemneation chromatography (GPC) using 
30 chlorofonn as solvent and expressed in temris of polystyrene. 

(2) Hydrogenation percentage was measured by infrared spectrophotometry. 

(3) Melting point and glass transition temperature (Tg) were measured by differential scanning calorimeter (OSC) 
at a temperature elevation rate of 1 CC^min. 

35 Example 1 

[0083] 0.0068 part of a molybdenum compound represented by the following fomiula (9): 



40 



45 



SO 




was placed In a glass reactor equipped with a stirrer Then the reactor was charged with 24 parts of cyclohexane, 6 
S5 parts of dicyclopentadiene and 0.00573 part of 1-hexene, and polymerization was carried out at room temperature. 
Immediately after the commencement of polymerization^ a white precipitate was produced. When the polymerization 
was carried out for 3 hours, a large amount of isopropanol.was added to a polymerization liquid to coagulate a precip- 
itate. The precipitate was separated by filtration and then vacuum-dried at 40**C for 40 hours. Thus 5.5 parts of a ring- 
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opened polymer was obtained. The polymer had a number average molecular weight <Mn) of 37,000 and a weight 
average molecular weight (Mw) of 1 03.000, as expressed in temns of polystyrene, and a melting point of 21 8*C. 

Example 2 

5 

[0084] An autoclave equipped with a stirrer was charged with 5 parts of the ring-opened polymer obtained in E)(ample 
1 and 88 parts of cyclohexane. Then, a hydrogenatlon catalyst solution prepared by dissolving 0.031 part of bis(tricy- 
clohexy!phosphine)benzylidynerutheniurh(IV) dichloride and 1.8 parts of ethyl vinyl ether in 18 parts of cyclohexane 
was.added. The hydrogenation reaction was carried out under a hydrogen pressure of 8 kg/cm^ at ^20°C for 10 hours. 

10 After completion of the hydrogenation reaction, a large amount of isopropanol was poured into the reaction liquid to 
coagulate a white polymer. The polymer was separated by filtration and vacuum-dried at 40*'C for 40 hours. Infrared 
absorption spectrum showed no peak occurring due to carbon-carbon double bonds, Hydrogenation percentage was 
larger than 99%. The hydrogenated polymer product had a melting point of 272**C. The DSC chart is shown in Fig. 1 . 
• [0085] To 100 parts of the hydrogenation product, 0.2 part of pentaerYthrityl-tetrakis{3-(3,5-di-tert.butyl-4-hydroxy- 

15 phenyl)propionate) as a hindered phenol antioxidant was incorporated, and the mixture was melt-kneaded at an av- 
erage resin temperature of 320*'C by a twin-screw extruder. The kneaded mixture was made into a pellet by a pelletizer. 
The obtained shaping material in a pellet form was shaped into a plate of a name card size with a thickness of 3 mm 
plate by an injection molding machine at a cylinder temperature of 350**C, 

[0086] The plate was left to stand in a Geer oven maintained at 200*'C for 150 hours. Distortion and other change 
20 in appearance were not observed. The plate was immersed in each of toluene, cyclohexane. tetrahydrofuran and 
xylene for 24 hours. Change in appearance such as swelling and dissolution was not observed. 

Comparative Example 1 

25 [0087] By the same procedures as described in Example 1, polymerization was carried out wherein 0.011 part of 

tangsteTTirexachitMideT^. OgB parto f tet i^tJtyrtln-and-0T6^-p 

catalyst ot formula (9) with all other conditions remaining the same. After completion of polymerization, the polymeri- 
zation liquid was poured in a large amount of isopropanol to precipitate a polymer. Thus 5.8 parts of polymer was 
obtained. The polymer had.Mn of 7,300 and Mw of 18,200, as expressed in terms of polystyrene. Tg was observed at 

30 approximately 1 25**C but the melting point was not observed. 

Comparative Example 2 

[0088] By the same procedures as described in Example 2, the polyrner obtained in Comparative Example 1 was 
35 hydrogenated. The hydrogenation reaction liquid was poured in a large amount of isopropanol to precipitate a polymer. 
The hydrogenation percentage was larger than 99%. Tg was observed at approximately 97**C but the melting point 
was not observed. 

Comparative Example 3 

40 

[0089] By the same procedures as described in Example 1 , polymerization was carried out wherein bis{tricyclohex- 
ylphosphine)benzylidyneruthenium(IV) dichloride was used Instead of the polymerization catalyst of formula (9) with 
all other conditions remaining the same. After completion of polymerization, the polymerization liquid was poured in a 
large amount of isopropanol to precipitate a polymer. The polymer was cortipletely Insoluble in toluene and tetrahy- 
45 drofuran, and its melting point was not observed. 

Comparative Example 4 

[0090] By the same procedures as described in Example 2, the polymer obtained in Comparative Example 3 was 
50 hydrogenated wherein toluene was used as solvent instead of cyclohexane with all other conditions remaining the 
same. The hydrogenation reaction liquid was poured in a large amount of isopropanol to precipitate a polymer. The 
hydrogenation percentage was larger than 99%. Tg was observed at approximately 91 "^C but the melting point was 
not observed. 

55 Comparative Example 5 

[0091] By the same procedures as described in Example 1, polymerization was carried out wherein 
2,6-dilsopropylphenylimideneophylldenemolybdenum (VI) bis(hexafluoro-t-butoxide) was used instead of the polym- 
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erization catalyst of formula (9) with all other conditions remaining the same. After completion of polymerization, the 
polymerization liquid was poured in a large amount of isopropanol to precipitate a polymer. Thus 5.4 parts of polymer 
was obtained; The polymer had Mn of 8,900 and Mw of 1 6,800, as expressed in terms of polystyrene. Tg was observed 
at 140**C but the melting point was not observed. 

5 

Example 3 

[0092] By the same procedures as described in Example 1 , polymerization was carried out wherein 3 parts of dicy- 
clopentadiene and 3 parts of 2-norbornene were used instead of 6 parts Of dicyclopentadiene with all other conditions 
10 remaining the same. The obtained ring-opened polymer had Mn of 33,900 and Mw of 83,1 00, as expressed in tenris 
of polystyrene. 

[0093] The polymer was hydrogenated in the same manner as in Example 2 to obtain a hydrogenation product. 
Infrared absorption spectrum showed no peak occurring due to carbon -carbon double bonds. Hydrogenation percent- 
age was larger than 99%. The hydrogenated product had a melting point of 252*»C. A plate was shaped from the 
15 hydrogenated product and its properties were evaluated in the same manner as in Example 1 . The results were the 
same as in Example 1 . 

Example 4 

20 [0094] 0.0068 part of a molybdenum compound of formula (9) was placed in a glass reactor equipped with a stirrer. 
Then the reactor was charged with 24 parts of cyclohexane, 6 parts of norbornene and 0.00573 part of 1 -hexene, and 
polymerization was carried out at room temperature. When the polymerization was carried out for 3 hours, a large 
amount of isopropanol was added to a polymerization liquid to coagulate a precipitate. The precipitate was separated 
by filtration and then vacuum-dried at 40°C for 40 hours. Thus 5.5 parts of a ring-opened polymer was obtained. The 

25 polymer had a number average molecular weight (Mn) of 27,000 and a weight average molecular weight (Mw) of 
82.000, as expressed in terms of polystyrene. 

[0095] An autoclave equipped with a stirrer was charged with 5 parts of the above polymei' and 88 parts of cyclohex- 
• ane. Then, a hydrogenation catalyst solution prepared by dissolving 0.031 part of bis(tricyclohexylphosphine)benzyli- 
dyneruthenium(IV) dichloride and 1 .8 parts of ethyl vinyl ether in 1 8 parts of cyclohexane was added. The hydrogenation 
30 reaction was carried out under a hydrogen pressure of 8 kg/cm^ at 120°C for 10 hours. A large amount of isopropanol 
was poured into the reaction liquid to coagulate a polymer. The polymer was separated by filtration and vacuum-dried 
at 40''C for 40 hours, Hydrogenation percentage was larger than 99%. The hydrogenated polymer product had a melting 
point (Tm) of 1 72''C as measured by DSC. 

35 Comparative Exariiple 6 

[0096] By the same procedures as described in Example 4, polymerization was carried out wherein 0.011 part of 
tungsten hexachloride, 0.026 part of tetrabutyltin and 0.01 part of dibutyl ether were used instead of the polymerization 
catalyst of formula (9) with alt other conditions remaining the same. After completion of polymerization, the polymeri- 
40 zatlon liquid was poured in a large amount of isopropanol to precipitate a polymer. Thus 5.8 parts of polymer was 
obtained. The polymer had Mn of 8,100 and Mw of 19,100, as expressed In terms of polystyrene. 
[0097] The polymer was hydrogenated in the same manner as in Example 4. The hydrogenation reaction liquid was 
poured in a large amount of isopropanol to precipitate a polymer. The hydrogenation percentage was larger than 99%. 
The melting point (Tm) of the hydrogenation product was 104'C. 

45 

Comparative Example 7 

[0098] By the same procedures as described in Example 4, polymerization was carried out wherein 
2,6-diisopropylphenylimideneophylidenemolybdenum(VI) bls(hexafluoro-t-butoxide) was used instead of the polymer- 
50 ization catalyst of formula (9) with all other conditions remaining the same. After completion of polymerization, the 
polymerization liquid was poured in a large amount of Isopropanol to precipitate a polymer. Thus 5.8 parts of a ring- 
opened polymer was obtained. 

[0099] The polymer was hydrogenated in the same manner as in Example 4 wherein toluene was used as a solvent 
instead of cyclohexane. The hydrogenation reaction liquid was poured in a large amount of isopropanol to precipitate 
55 a polymer The hydrogenation percentage was larger than 99%, The melting point (Tm) of the hydrogenation product 
wasloe^'C. 
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. Example 5 

[0100] By the same procedures as described in Example 1 , polymerization was carried out wherein 0.0075 part of 
a molybdenum compound represented by the following formula (10) was used instead of the polymerization catalyst 
5 of formula (9) with all other conditions remaining the same. The obtained polymer had Mn of 22,400 and Mw of 51 ,500. 



10 



15 



. 20 




(10) 



[0101] An autoclave equipped with a stirrer was charged with 5 parts of the above-obtained polymer and 88 parts 

of cyclohexane. Then, a hydrogenatlon catalyst solution prepared by dissolving 0.05 part of nickel acetylacetomato 
25 and 0.2 part of triisobutylalumiriunr| in 1 8 parts pf cyclohexane was added. The hydrogenatlon reaction was carried out 
under a H ydmgeTrpressure of 8 i<^p^^ ai "120^€~for"1^4t^^ 

reaction liquid to coagulate a polymer. The polymer was separated by filtration and vacuum-dried at 40^*0 for 40 hours. 

Hydrogenatlon percentage was largerthan 99%. The hydrogenated polymer product had a melting point (Tm) of 21 8**C 

as measured by DSC. 

30 

Example 6 

[0102] By the same procedures as described in Example 1, polymerization was carried out wherein 
2,6-dlisopropylphenylimideneophylidenemolybdenum(VI) bis(hxafiuoro-t-butoxide) was used instead of the polymeri- 
35 zation catalyst of fonnula (9) with ail other conditions remaining the same. After completion of polymerization, the 
polymerization liquid was poured in a large amount of isopropanol to precipitate a polymer. Thus 5.4 parts of a ring; 
opened polymer was obtained. The melting point was not observed. 

[0103] The ring-opened polymer was hydrogenated in the same hnanner as in Example 2 wherein 0.02 part of chlo- 
rotris<trlphenylphosphine)rhodium was used as hydrogenatlon catalyst with all other conditions remaining the same. 
40 Hydrogenation percentage was larger than 99%. the hydrogenated product had a melting point of 220°C. 

[0104] As seen from the comparison of examples with comparative examples, ring-opened norbomene polymers of 
the present Invention and hydrogenation products thereof had a melting point in contrast with those obtained in com- 
parative examples. The hydrogenation product having a melting point of 140**C or higher was confimried to possess 
excellent processability and shapablllty, heat resistance and solvent resistance. 

45 

Industrial Applicability 

[01 05] According to the present invention, a crystalline ring-opened norbornene polymer having a melting point and 
a crystalline hydrogenation product of a ring-opened norbornene polymer having a melting point are provided. This 
50 crystalline ring-opened nortaornene -polymer and the crystalline hydrogenation product are capable of being melt- 
shaped by, for exahiple, injection molding or extrusion shaping, to give a shaped article having high mechanical 
strength, chemical resistance and heat resistance. Thus, the polymer and its hydrogenation product are used as shap- 
ing material for various fields. 

55 

Claims 

1. A ring-opened nori^omene polymer comprising at least 10% by mol of repeating units derived from a polycyclic 
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norbornene monomer haying at least three rings, in the repeating units of the polymer, said polymer having a 
weight average molecular weight in the range of 500 to 1 ,000,000 as measured by gel pemieation chromatography 
and expressed In terms of polystyrene, and having a melting point. 

The polymer according to claim 1 , wherein the melting point Is in the range of 140*0 to 400'C. 

The polymer according to claim 1 , wherein the repeating units derived from the polycyclic norbornene monomer 
are represented by the following general formula (1) or (2): 




wherein R"* through independently represent a hydrogen atom or a hydrocarison group, R^ and are bonded 
together to form a ring and R^ and R^ may be bonded together to fonm a ring, and m is an integer of 1 or 2. 

The polymer according to claim 1 , wherein the repeating units derived from a polycycltc norbornene monomer are 
units derived from dicyclopentadiene. 

A process for producing a ring-opened norbomene polymer claimed in claim 1, which comprises polymerizing a 
polycyclic norbomene monomer by using a polymerization catalyst comprising as a main Ingredient a metal com- 
: pound cpntaining a transition metal of group 6 of the periodic table and having at least one imide group and at 
least two substituents (A) selected from the group consisting of an alkoxy group, an aryloxy group, an alkylamide 
group and an arylamide group, said two substituents (A) being bonded to each other. 

The process for producing a ring-opened norisomene polymer according to claim 5, wherein the polycyclic nor- 
bornene monomer is represented by the following general fomnula (6) or (7): . 
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(7) 



wherein R"" through independently represent a hydrogen atom or a hydrocarbon group, R^ and R^ are bonded 
together to form a ring and and may be bonded together to form a ring, and m is an integer of 1 or 2. 

30 

7. The process for producing a ring-opened norbornene polymer according to claim 5, wherein the substituents (A) 
are an aryloxy group. 

8. The process for prpducing a ring-opened norbornene polymer according to claim 5, wherein the polymerization 
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9. A hydrogenation product of a ring-opened norbornene polymer obtained by hydrogenating a ring-opened nor- 
bornene polymer comprising repeating units derived from a polycyclic norbomene monomer, said hydrogenation 
product having a weight average molecular weight in the range of 500 to 1 ,000,000 as measured by gel pemneation 

20 chromatography and expressed in terms of polystyrene, and having a melting point of 140°C or higher. 

10. A process for producing a hydrogenation product of a ring-opened norbornene polymer as claimed in claim 9, 
which comprises the steps of: 

25 polymerizing a polycyclic norbornene monomer by using a polymerization catalyst comprising as a main in- 

gredient a metal compound containing a transition metal of group 6 of the periodic table and having at least 
one imide group and at least one substitu^nt (A) selected from the group consisting of an alkoxy group, an 
iaryloxy group, an alkylamide group and an arylamide group, to give a ring-opened norbornene polymer; and 
hydrogenating carbon-carbon double bonds in the ring-opened norbornene polymer by using hydrogen and 

30 a hydrogenation catalyst 

11. The process for producing a hydrogienatlon product of a ring-opened norbomene polymer according to claim 10, 
wherein the polymerization catalyst has substituents (A) bonded to each other. 

35 12. The process for producing a hydrogenation product of a ring-opened norbomene polymer according to claim 10, 
wherein the substituents (A) are an aryloxy group. . 

13. A hydrogenation product of a ring-opened norbornene polymer obtained by hydrogenating a ring-opened nor- 
bornene polymer comprising at least 1 0% by mol of repeating units derived from a polycyclic norbomene monomer 

40 having at least three rings, in the repeating units of the polymer, said hydrogenation product having a weight 

average molecular weight in the range of 500 to 1 ,000,000 as measured by gel permeation chromatography and 
expressed in tenms of polystyrene, and having a melting point, 

14. The hydrogenation product of a ring-opened nortDornene polymer according to claim 13. wherein the melting point 
45 is in the range of 140**C to 400*»C. 

15. The hydrogenation product of a ring-opened norbornene polymer according to claim 13. wherein the repeating 
units derived from the polycyclic norbomene monomer are represented by the following general formula (1) or (2): 
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wherein R** through R8 independently represent a hydrogen atom or a hydrocarbon group, R"" and R3 are bonded 
together to form a ring and RS and R^ may be bonded together to fonn a ring, and m is an integer of 1 or 2. 

16. The hydrogenation product of a ring-opened norbornene polymer according to claim 13, wherein the repeating 
units derived from a polycyclic norbornene monomer are units derived from dicyclopentadiene. 

17. A process for producing a hydrogenation product of. a ring-opened norbornene polymer as claimed in claim 13, 
which comprises the steps of: 

polymerizing a potycydlc norbornene monomer by using a polymerization catalyst comprising as a main in- 
gredient a metal compound containing a transition metal of group 6 of the periodic table and having at least 
one imide group and at least one substltuent (A) selected from the group consisting of an alkoxy group, an 
aryloxy group, an alkylamide group and an arylamide group, to give a ring-opened norbornene polymer; and 
hydrogenating carbon-cartDon double bonds in the ring-opened norbornene polymer by. using hydrogen and 
a hydrogenation catalyst. 

18. The process for producing a hydrogenation product of a ring-opened norbornene polymer according to claim 1 7, 
wherein the polymerization catalyst has substltuents (A) bonded to each other. 

19- The process for producing a hydrogenation product of a ring-opened nort^omene polymer according to claim 17. 
wherein the substltuents (A) are an aryloxy group. 

20. The process for producing a hydrogenation product of a ring-opened norbornene polymer accorxling to claim 17, 
wherein the polymerization catalyst is represented by the following formula (9) or (1 0): 
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21. The process for producing a hydrogenatlon product of a ring-opened norbonnene polymer according to claim 1 7, 
vyherein the hydrogenation. catalyst contains a metal selected from rhodium, palladium, nickel and ruthenium. 

22. The process for producing a hydrogenation product of a ring-opened norbomene polymer according to claim 1 7. 
wherein the polycyclic norbornene monomer is represented by the following general formula (6) or (7): 




(6) 
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40 



wherein through independently represent a hydrogen atom or a hydrocarbon group, R** and R3 are bonded 
together to iorm a ring and R^ and R^ may be bonded together to fomn a ring, and m is an integer of 1 or 2. 

23, A hydrogenation product of a ring-opened norbornene polymer obtained by hydrogenating a ring-opened nor- 
bornene polymer comprising repeating units derived from a polycyclic nortDornene monomer having two rings, in 
the repeating units of the polymer; said hydrogenation product having a weight average molecular weight in the 
range of 500 to 1 ,000,000 as measured by gel permeation chromatography and expressed in temis of polystyrenie, 
and having a melting point of 140**C or higher 
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which comprises the steps of: 



polymerizing. a polycyclic norbornene monomer by using a polymerization catalyst comprising as a main in- 
gredient a metal compound containing a transition metal of group 6 of the periodiq table and having at least 
one imide group and at least one substituent (A) selected from the group consisting of an aikoxy group, an 
. aryloxy group, an alkylamide group and an arylamide group, to give a ring-opened norbornene polymer; and 
hydrogenating carbon-carbon double bonds in the ring-opened norbornene polymer by using hydrogen and 
a hydrogenation catalyst 

25. The process for producing a hydrogenation product of a ring-opened norbornene polymer according to claim 24, 
wherein the polymerization catalyst has substituents (A) bonded to each other. 

26. The process for producing a Hydrogenation product of a ring-opened norbornene polymer according to claim 24, 
wherein the substituents (A) are an aryloxy group. 
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FIG. 1 
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